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Floods and risk of dysentery 431Conclusions: Our study confirms that flooding has significantly increased the risk of dysentery
in the study areas. Additionally, we observed that a sudden and severe flooding can contribute
more risk to the morbidity of dysentery than a persistent and moderate flooding. Our findings
have significant implications for developing strategies to prevent and reduce health impact of
floods.
ª 2014 The Authors. Published by Elsevier Ltd on behalf of the The British Infection
Association. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/3.0/).Introduction
Due to climate change, floods are recognized as the most
frequent and devastating type of natural disasters in the
world.1 The number of global flood events doubled from
2001 to 2010. China frequently experiences natural disas-
ters, of which flooding is the most serious.2 Yellow River Ba-
sin, the second large river in China, has unique river valley
topography. Climate change brought abundant rainfall and
frequent storm floods to the north central region of Henan
Province, where the Yellow River meandered. Conse-
quently, the persistent and heavy precipitation led to
several floods in Zhengzhou, Kaifeng and Xinxiang cities-in
the north center Henan Province between 2004 and
2009.3e7
Floods are known to cause heavy physical damages
during the initiation phase, but as floodwaters recede there
are more threats to personal health and safety. Floods are
associated with an increased risk for diarrheal diseases.8
Some studies have shown this effect that diarrheal diseases
can increase in weeks or months after floods both in devel-
oping and developed countries. For example, Schwartz
et al. found that in all flood-associated diarrheal epidemics
(1998e2004) cholera was a predominant cause compared to
control period in Dhaka, Bangladesh.9 In a large study un-
dertaken in Indonesia in 1992e1993, floods were identified
as a significant risk factor for diarrheal illnesses caused by
Salmonella enterica serotype Paratyphi A (paratyphoid fe-
ver).10 A study from Germany revealed that contact with
flood-water was significantly associated with onset diarrhea
(OR Z 5.8, 95% CI: 1.3e25.1).11 In addition, an increased
risk of gastroenteritis following the floods in 2000 has
been reported in Lewes, England through a historical cohort
study by Reacher et al.12
Dysentery, including bacillary dysentery and amebic
dysentery as diarrheal diseases, remains a major public
health problem in Henan Province. The incidence of
dysentery each year ranged from 16.38 to 40.14 per
100,000 in Henan during 2004e2009,13 which was the sec-
ond highest among the 39 species of notified infectious dis-
eases. The health effects of floods may include increased
mortality and morbidity from dysentery. Although some
studies considering dysentery as a flood-related disease
found that the rate of dysentery increased after
floods,14e16 there has been no research quantifying the ef-
fect of floods on dysentery to our knowledge. The evidence
on the association between floods and dysentery is far from
clear. Some studies also showed that after fully controllingfor the difference with pre-flood rates and seasonality,
there was no clear evidence of excesses found in dysentery
risk during or after flooding.17,18 Additionally, the IPCC
fourth assessment report has reflected that there is little
research on floods and human health in China. Therefore,
this study aimed to explore the potential association be-
tween dysentery and floods based on a longitudinal analysis
from 2004 to 2009 in Zhengzhou, Kaifeng and Xinxiang cit-
ies. Results will contribute to have a better understanding
of the health impacts of floods and assist in developing na-
tional strategies to prevent and reduce the risk of infec-
tious diseases with floods.
Materials and methods
Study areas
Fig. 1 shows the geographic position of the three cities in
the north center of Henan Province, which are located in
the middle reaches of the Yellow River. The similar
geographic location determines these cities the character-
istics of the warm temperate continental monsoon climate.
Kaifeng is located between latitude 34110e35010N and
longitude 113520e115150E with an annual average tem-
perature from 13.7 to 15.8 C and an annual average rain-
fall from 585.3 to 684.1 mm.19 Zhengzhou, the capital of
Henan Province, is located between latitude
34160e34580N and longitude 112420e114140E with an
annual average temperature from 13.7 to 14.2 C and an
average rainfall per year up and down in 640.9 mm.20 In
addition, Xinxiang is located between latitude
34550e35500N and longitude 113300e115300E with an
annual average temperature from 13.9 to 14.6 C, and an
annual average rainfall per year of 580e640 mm.21 The
areas of Zhengzhou, Kaifeng and Xinxiang are 7446.2,
6444 and 8629 square kilometers, respectively. In 2009,
the population of Zhengzhou was approximately 682
million, followed by 475 million in Kaifeng and 562 million
in Xinxiang.
Data collection and management
Disease surveillance data
Monthly disease surveillance data on dysentery from
January 2004 to December 2009 were obtained from the
National Notifiable Disease Surveillance System (NDSS). The
definition of dysentery from the NSDD is a group of the
Figure 1 Location of Kaifeng, Zhengzhou and Xinxiang in Henan Province, China.
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parasite Entamoeba histolytica, which have fever, abdom-
inal pain, tenesmus and bloody or mucus stool as the typical
clinical presentation. In our study, all dysentery cases were
defined based on the diagnostic criteria and principles of
management for dysentery (GB 16002-1995) issued by Min-
istry of Health of the People’s Republic of China.22 Only
the cases confirmed clinically and by laboratory tests,
including microscopic examination and biochemical identi-
fication, were included in our study. Information of cases
included age, gender, occupation, address, name of dis-
ease, cases classification, date of onset, and date of death.
The gastrointestinal diseases caused by intoxication and
chemical factors were a type of food poisoning with non-
communicable, which were not under the surveillance
and notification in the NDSS of China. These gastrointestinal
diseases were not included in our study.
In China, dysentery is a statutory notifiable category B
infectious disease. According to the National Communi-
cable Disease Control Act, physicians in hospitals must
report every case of dysentery to the local health authority.
Then, the local health authority must report these cases to
the next level of the organization within 24 h.23 Therefore,
it is believed that the degree of compliance in disease noti-
fication over the study period was consistent.Data of floods
The Yearbooks of Meteorological Disasters in China re-
corded the occurrence, deaths, damage area and economic
loss of floods in detail from 2004 to 2009.24 According to the
Yearbooks of Meteorological Disasters in China, there were
seven times of floods recorded in Kaifeng and Xinxiang from
2004 to 2009, which was less than that of Zhengzhou with
nine times of floods.
Flooding per se would be a variable depending on the
quantitation over a shorter period time than a month. But
in our study, we analyzed monthly data to assess the effects
of floods on the dysentery disease on the basis of a time
series data from 2004 to 2009, which included floodedmonths, non-flooded months, pre-flooded and post-flooded
months, and the same period over other years, so monthly
data would estimate the effects of floods well.
Demographic and meteorological data
Demographic data were obtained from the Center for
Public Health Science Data in China (http://www.
phsciencedata.cn/). Monthly meteorological data were ob-
tained from the China Meteorological Data Sharing Service
System (http://cdc.cma.gov.cn/). The meteorological vari-
ables included monthly cumulative precipitation (MCP),
monthly average temperature (MAT), monthly average rela-
tive humidity (MARH) and monthly cumulative sunshine
duration (MCSD).
Statistical analysis
Firstly, a descriptive analysis was performed to describe the
distribution of dysentery cases and meteorological factors
between the flooded and nonflooded months through the
KruskaleWallis H test. Spearman correlation was adopted
to examine the association between floods, climatic vari-
ables and the morbidity of dysentery with various lagged
values in each city. The lagged value with the maximum
correlation coefficient for each climate variable was
selected for inclusion in the subsequent regression models.
According to the reproducing of pathogen and the incuba-
tion period of dysentery disease, a time lag of 0e2 months
was considered in this study.25
The widely used generalized additive models (GAM)
method is a flexible and effective technique for conducting
nonlinear regression analysis in time-series studies with a
Poisson regression.26 GAM allows this Poisson regression to
be fit as a sum of nonparametric smooth functions of pre-
dictor variables. The purpose of GAM is to maximize the
predictive quality of a dependent variable, “Y” from
various distributions by estimating archetypical function
of the predictor variables that connected to the dependent
variable. In time-series studies of air pollution and
Floods and risk of dysentery 433mortality, GAM has been the most widely applied method,
because it allows for nonparametric adjustment for
nonlinear confounding effects of seasonality, trends, and
weather variables.27e29
In our study, the Poisson regression, using a Generalized
Additive Mixed Model (GAMM), was developed allowing the
parametric and nonparametric functions to be analyzed
together in the model. In several studies, mean tempera-
ture, cumulative precipitation, average relative humidity
and sunshine duration were found to associate with
diarrheal diseases.30e34 Consequently, the model was per-
formed to evaluate the association between the morbidity
of dysentery and floods with adjustment for the multiple-
lag effects of monthly mean temperature, monthly cumula-
tive precipitation, monthly average relative humidity and
sunshine duration. Firstly, the effects of floods on dysen-
tery in each city were analyzed by the GAMM. The regres-
sion model was described as follows:lnðYtÞZb0 þ b1ðfloodsÞ þ b2ðflood durationÞ þ s1ðprecipitationÞ
þs2ðtemperatureÞ þ s3ðrelative humidityÞ þ s4ðsunshine durationÞ
þs5ðtÞ þ s6ðsin2pt=12ÞAll the three cities are located in the north central
Henan Province, and adjacent to each other. And then, the
overall effects of floods on dysentery were evaluated in all
the three cities. The overall function was as follows:lnðYtÞZb0 þ b1ðfloodsÞ þ b2ðflood durationÞ þ b3ðcityÞ þ s1ðprecipitationÞ
þs2ðtemperatureÞ þ s3ðrelative humidityÞ þ s4ðsunshine durationÞ
þs5ðtÞ þ s6ðsin2pt=12ÞWhere Yt denoted the monthly morbidity of dysentery at
time t, which represented the specific month; the parame-
ters were individually represented by b0 from b2 in the first
regression model and b0 from b3 in the second regression
model, respectively. The values and confidence interval
of RRs of floods and flood duration on dysentery were the
natural logarithms of corresponding parameters. Floods
was a categorical variable including non-flood and floods
endowed by 0 and 1, respectively. Flood duration repre-
sented the days with flooding in a month. City, a variable
categorized as Kaifeng, Xinxiang and Zhengzhou endowed
by 1, 2 and 3, respectively, was designed to control for
the effects of other unobserved factors. s1(precipitation),
s2(temperature), s3(relative humidity) and s4(sunshine
duration) were smooth functions of monthly cumulative
precipitation, monthly mean temperature, monthly
average relative humidity and monthly cumulative sunshine
duration, respectively, which were designed to control for
the effect of weather. The smooth spline of specific month
was projected as s5(t) in order to avoid the influence of
long-term trend. Considering the effects of seasonality on
dysentery, the proposed model included a triangular func-
tion, sin(2pt/12), to reveal the seasonal component in se-
ries. The statistical analysis was performed using SPSS16.0 (SPSS Inc., USA) and software R 2.3.1 (MathSoft Inc.,
USA).
Results
Descriptive analysis for the disease and
meteorological data
A total of 24,536 cases of dysentery were notified in the
study areas over non-flooded and flooded months from 2004
to 2009. Among all the cases, the dysentery caused by
Shigellae accounted for 99.00%, far more than the dysen-
tery caused by the protozoan parasite E. histolytica with
1.00%. Tables 1e3 show that the incidence of dysentery,
MCP, MAT, MARH and MCSD were significantly different be-
tween non-flooded and flooded months (p < 0.05) in both
cities, which indicated that climatic conditions differed be-tween the months with or without floods. During the
flooded months, the morbidity of dysentery was higher
than the non-flooded months, followed by more precipita-
tion, higher temperature, higher relative humidity andmore sunshine duration. Fig. 2 shows that the morbidity
of dysentery declined from 2004 to 2009, and more cases
occurred in spring and summer in these cities.
Spearman’s correlation analysis
Table 4 shows the results of Spearman’s correlation test
conducted to determine the lagged effects between the
morbidity of dysentery and explanatory variables during
the study period in each city. The results indicated that
the floods were positively correlated to the monthly
morbidity of dysentery with no month lagged among the
three cities. The lagged values of climatic variables in these
cities were the same except for the monthly average tem-
perature in Kaifeng according to the coefficients in Table 4.
Regression analysis
The parameters of the models and RRs of floods on the risk
of dysentery are presented in Table 5. Results showed that
floods were significantly associated with the morbidity of
dysentery in each of the three cities (Coefficients: 2.44 in
Kaifeng; 0.30 in Xinxiang; and 1.01 in Zhengzhou).
Table 1 Description of dysentery cases and climate variables from 2004 to 2009 in Kaifeng City.
Variable Period Mean  SD Min P25 Median P75 Max
The monthly morbidity of dysentery (1*108) Non-flooded months 119  193 2 41 61 111 1386
Flooded months) 293  166 104 175 282 340 619
MFD (days) Flooded months 3  1 1 2 3 5 5
MCP (mm) Non-flooded months 44.4  58.5 0 7.1 14.8 61.3 262.8
Flooded months) 155.6  95.2 61.6 95.5 121.4 241.1 328.4
MAT (

C) Non-flooded months 14.5  9.1 0.8 5.7 16.4 21.7 27.9
Flooded months) 26.4  1.0 24.8 25.4 26.8 27.2 27.6
MARH (%) Non-flooded months 59.5  8.9 40.0 54.0 60.0 65.0 76.0
Flooded months) 75.3  4.1 68.0 71.0 79.0 78.0 79.0
MCSD (h) Non-flooded months 150.0  50.4 45.4 117.9 141.3 195.0 258.8
Flooded months) 123.9  30.7 79.3 109.2 118.0 136.7 180.2
SD: standard deviation; Min, minimum; P25, the 25th percentile; P75, the 75th percentile; Max, maximum.
MFD, the monthly flood duration; MCP, monthly cumulative precipitation; MAT, monthly average temperature; MRH, monthly relative
humidity; MCSD, monthly cumulative sunshine duration.
*p < 0.05 vs. non-flooded month.
434 W. Ni et al.However, flood duration was negatively correlated with the
morbidity of dysentery (Coefficients: 0.63 in Kaifeng;
0.50 in Xinxiang and 0.36 in Zhengzhou). During the
flooded months, floods were significantly associated with
an increased risk of dysentery with adjustment for meteo-
rological factors in Kaifeng (RR Z 11.47, 95% CI:
8.67e15.33). The RRs of dysentery for floods in Xinxiang
and Zhengzhou were 1.35 (95% CI: 1.23e3.90) and 2.75
(1.36, 4.85), respectively.
In addition, the overall effects of floods on dysentery in
the entire region were estimated through the overall
function. As shown in Table 6, an increased risk of dysen-
tery in this region was found, which indicated that floods
could increase the morbidity of dysentery in flooded
months (RRZ 1.66, 95% CI: 1.52e1.82). This overall model
also indicated the extent of dysentery epidemics in the cit-
ies. Compared with Kaifeng city, the intensity of dysentery
epidemic in Zhengzhou was the greatest with the highest
morbidity in terms of the coefficients of the model (Coeffi-
cient: 1.13, 95% CI: 1.11e1.16), followed by Xinxiang with
lower intensity and morbidity (Coefficient: 0.19, 95% CI:
0.15e0.22).Table 2 Description of dysentery cases and climate variables f
Variable Period
The monthly morbidity of dysentery (1*108) Non-flooded mont
Flooded months)
MFD (days) Flooded months






MARH (%) Non-flooded mont
Flooded months)
MCSD (h) Non-flooded mont
Flooded months)
SD: standard deviation; Min, minimum; P25, the 25th percentile; P75,
MFD, the monthly flood duration; MCP, monthly cumulative precipita
humidity; MCSD, monthly cumulative sunshine duration.
)p < 0.05 vs. non-flooded month.Discussion
Our study is the first time to demonstrate the quantitative
risk of the relationship between the morbidity of dysentery
and floods on the basis of a longitudinal data from 2004 to
2009. The results indicated that floods play an important
role in the dysentery epidemics during the flood-month.
Although the study is based on north central Henan
Province, the real impact of dysentery due to floods will
be much larger than the estimates from this study, given
the larger population at risk in China. Determining the
effect of floods on dysentery would be beneficial for
providing a basis for the policy making for dysentery control
technologies.
This study has indicated that the morbidity of dysentery
during the flooded months could be higher than the non-
flooded month. During the flooded months, heavy rainfall
may cause floods and change in the living environment. Due
mostly to floods after extreme precipitation, water-borne
diseases outbreaks and epidemics have been associated
with water sources for drinking and recreation.35e38rom 2004 to 2009 in Zhengzhou City.
Mean  SD Min P25 Median P75 Max
hs 390  349 56 160 245 478 1634
569  315 252 327 458 754 1240
3  1 2 2 3 3.5 4
hs 37.9  40.5 0 6.9 17.8 59.1 162.1
204.6  70.4 118.0 127.3 214.4 267.4 309.7
hs 14.3  8.9 0.7 6.8 15.9 21.7 28.8
26.5  1.0 24.8 25.7 26.6 27.1 28.2
hs 58.4  9.6 40.0 51.5 58.0 64.0 77.0
74.0  8.2 53.0 73.5 77.0 78.0 80.0
hs 153.0  47.3 50.5 125.4 150.1 188.3 247.0
128.4  37.4 78.7 97.2 123.0 151.4 201.5
the 75th percentile; Max, maximum.
tion; MAT, monthly average temperature; MRH, monthly relative
Table 3 Description of dysentery cases and climate variables from 2004 to 2009 in Xinxiang City.
Variable Period Mean  SD Min P25 Median P75 Max
The monthly morbidity of dysentery (1*108) Non-flooded months 148  146 33 66 103 158 874
Flooded months) 409  373 131 157 290 511 1200
MFD (days) Flooded months 3  1 2 2 3 3 3
MCP (mm) Non-flooded months 47.3  65.4 0 6.9 14.7 63.6 98.4
Flooded months) 119.2  81.4 118.5 165.1 196.4 211.2 242.5
MAT (

C) Non-flooded months 14.3  9.1 1.2 7.2 16.3 21.7 27.9
Flooded months) 26.6  1.3 24.9 25.3 26.6 27.7 28.3
MARH (%) Non-flooded months 61.9  9.1 44.0 56.0 61.0 69.0 79.0
Flooded months) 76.1  4.0 69.0 73.0 78.0 79.0 80.0
MCSD (h) Non-flooded months 158.8  47.1 55.4 128.5 159.6 187.0 260.4
Flooded months) 232.6  28.3 184.9 213.6 251.4.1 255.2 256.4
SD: standard deviation; Min, minimum; P25, the 25th percentile; P75, the 75th percentile; Max, maximum.
MFD, the monthly flood duration; MCP, monthly cumulative precipitation; MAT, monthly average temperature; MRH, monthly relative
humidity; MCSD, monthly cumulative sunshine duration.
)p < 0.05 vs. non-flooded month.
Floods and risk of dysentery 435Bacillary and amebic dysentery, as the water-borne disease
with cholera, hepatitis A, typhoid fever, and other gastroin-
testinal diseases, were caused by ingestion of water
contaminated by human or animal faeces or urine contain-
ing Shigellae or the protozoan parasite E. histolytica.39 Dur-
ing the initial stage of the flood, intense precipitation canFigure 2 Dynamics of dysentery in the three cities with the anal
ulation). (A) Dysentery of dysentery in Kaifeng City; (B) Dynamic
Zhengzhou City.mobilize pathogens in the environment and transport
them into the aquatic environment, increasing the microbi-
ological agents on surface water.40,41 Floods adversely
affected water sources and supply systems, as well as
sewerage and waste-disposal systems. The contamination
can be washed into water source, causing the local waterysis of GAMM from 2004 to 2009 (Morbidity per 10,000,000 pop-
s of dysentery in Xinxiang City; (C) Dynamics of dysentery in
Table 4 Correlations between the morbidity of dysentery and explanatory variables among monthly data in the study cities
from 2004 to 2009.
City Lag month Floods MFD MCP MAT MARH MCSD
Kaifeng 0 0.405** 0.402** 0.605** 0.802** 0.432** 0.121
1 0.240* 0.238* 0.500** 0.787** 0.199 0.410**
2 0.143 0.136 0.169 0.595** 0.019 0.539**
Zhengzhou 0 0.496** 0.488** 0.688** 0.848** 0.549** 0.087
1 0.444** 0.438** 0.665** 0.877** 0.322** 0.334**
2 0.273* 0.265* 0.520** 0.653** 0.019 0.529**
Xinxiang 0 0.362** 0.359** 0.652** 0.771** 0.570** 0.151
1 0.307** 0.305** 0.630** 0.798** 0.301* 0.383**
2 0.205 0.205 0.522** 0.626** 0.045 0.526**
MFD, the monthly flood duration; MCP, monthly cumulative precipitation; MAT, monthly average temperature; MRH, monthly relative
humidity; MCSD, monthly cumulative sunshine duration.
)p < 0.05; ))p < 0.01.
436 W. Ni et al.quality seriously deteriorated and increasing the transmis-
sion of enteric pathogens during the floods.42 Our findings
support that the morbidity of dysentery is higher in the
summer with floods through the comparison between non-
flooded and flooded months.
Our study has identified that the risks of floods on
dysentery vary among the three cities, which suggests
that floods may affect dysentery via diverse means not
only by contaminated water source or foods. Besides the
deterioration of the infrastructure, floods also can cause
population displacement and changes in population den-
sity.30,43 After controlling for the impacts of weather and
seasonality, floods has contributed to an increased risk of
dysentery with different RRs among the three cities. The
reason for the difference in disease risks among the three
cities is not clear. The occurrence or spread of a disease af-
ter floods was also affected by other factors such as public
health services, population density and demographics, and
socio-economic conditions. The reason for the various rela-
tive risks between the cities was probably due to the
severity of flood and population density. In addition, public
health services and socio-economic status were not same in
the study areas. Zhengzhou, as the capital of Henan Prov-
ince, has a higher level of economy, better infrastructure,
and better health services and health care than Kaifeng
and Xinxiang. Therefore, these advantages lead to aTable 5 Parameters coefficients from the Generalized Additive
City Variables Coefficients (
Kaifeng Intercept 5.96 (5.77, 6
Floods 2.44 (2.16, 2
Flood duration 0.63 (0.74
Xinxiang Intercept 5.13 (4.38, 5
Floods 0.30 (0.21, 1
Flood duration 0.50 (0.81
Zhengzhou Intercept 5.75 (5.73, 5
Floods 1.01 (0.31, 1
Flood duration 0.36 (0.53
)Adjusted R square of the model in Kaifeng was 0.88; 0.97 in Xinxianminimal risk of dysentery transmission and epidemics
following floods. More population and larger density means
more possibilities of transmission and infection. Although
Xinxiang has lower political and economic status compared
with Zhengzhou, its less external population and density
lead to fewer opportunities of transmission and infection
for individual. These differences may be explain the
different relative risks between the two cities. A study
found that as the rapid process of urbanization in Kaifeng,
the land structure was changed with increased impervious
surface and reducing land area as a result of more concrete
structures built on the ground.44 Moreover, the old drainage
system was unscientific and in bad repair, leading to the
poor capacity of sewer drainage. During the period of heavy
precipitation, flooding is more likely to occur in Kaifeng and
floodwater could easily be infected with pathogens through
cross-contamination due to infiltration and inflow between
sewage and water pipes. In addition, the economic strength
of Kaifeng is the worst compared with Zhengzhou and Xin-
xiang,45 which means that the financial input is little to
the public health and health care. Thus, the relative risk
on dysentery after flood was the highest among the three
cities.
This study has also indicated that the risk of dysentery
after floods in the whole area may not be severe relatively.
With the reference of Kaifeng city, Zhengzhou and XinxiangMixed Model for the dysentery disease.)
95% CI) P-value RR (95% CI)
.15) <0.01 e
.73) <0.01 11.47 (8.67,15.33)
, 0.53) <0.01 0.53 (0.48, 0.59)
.88) <0.01 e
.36) <0.01 1.35 (1.23, 3.90)
, 0.07) <0.01 0.61 (0.44, 0.93)
.78) <0.01 e
.58) <0.01 2.75 (1.36, 4.85)
, 0.20) <0.01 0.70 (0.59, 0.82)
g; 0.94 in Zhengzhou.
Table 6 Parameters coefficients from the overall model in the entire region for the dysentery disease.)
Variables Coefficients (95% CI) P-value RR (95% CI)
Intercept 4.61 (4.59, 4.64) <0.01 e
Floods 0.51 (0.42, 0.60) <0.01 1.66 (1.52, 1.82)
Flood duration 0.14 (0.17, 0.11) <0.01 0.87 (0.84, 0.90)
Kaifeng 0b e e
Xinxiang 0.19 (0.15, 0.22) <0.01 e
Zhengzhou 1.13 (1.11, 1.16) <0.01 e
)Adjusted R square of the model was 0.75. 0b presented the reference level.
Floods and risk of dysentery 437had a higher intensity of dysentery epidemics after floods.
It may be because that the density and mobility of popu-
lation influence greatly on the transmission of dysentery
between people, which is the largest in Zhengzhou as the
capital of Henan Province, followed by Xinxiang due to the
second level of population density and mobility among the
study cities. Moreover, the reason for this difference may
be that the local environment of Zhengzhou and Xinxiang
were more suitable for the survival and reproduce of the
dysentery pathogens compared with Kaifeng.
The results of the multivariate models demonstrate the
quantified impact of flood duration on dysentery, indicating
a negatively correlation between flood duration and the
morbidity of dysentery. The risk of dysentery could be
higher after a sudden and severe flooding than that after a
prolonged and moderate flooding. During the sudden and
severe flooding, heavy precipitation was strongly destruc-
tive for human and health infrastructure, which may cause
serious floodwater contamination. In this case, more peo-
ple would be contact with floodwater, resulting in a greater
likelihood of being infected with dysentery. However,
during a prolonged and moderate flooding, the transmission
and infection of dysentery pathogens may be decreased
due to lower destruction and contamination.
Research examining the effect of flood on infectious
diseases on a basis of retrospective data collection had
methodological shortcomings with a lack of longitudinal
analysis.46 In our study, we used a time-series data from
2004 to 2009 to analyze the effects of many times floods
on the onset of dysentery. It provides clear evidence of
the relative risk on dysentery after floods. In addition, we
have analyzed the difference of risks between the regions
on a basis of three cities located in the north central Henan
Province. However, some limitations of this study should be
acknowledged. One of the limitations is that the effects of
many factors, such as population, social and economic sta-
tus, health services and environmental hygiene, were not
quantified precisely. Moreover, due to a lack of detailed
laboratory information, we did not analyze the pathogens
and the difference in pathogens, and the impact of patho-
gens on the different relative risks among the cities. A
study analyzing the epidemic and aetiological character
of bacillary dysentery in Henan Province from 2005 to
2009 found that Shigella flexneri was the dominant strains
in the province where the study cities located, and the
dominant sertypings were S. flexneri 2a, S. flexneri 4c
and S. flexneri 1a.47 These strains may be associated with
floods in the three cities during the study period. In addi-
tion, under reporting was inevitable in passive diseasesurveillance systems such as where we obtained our data
for the current study and the notified cases were those
with severe symptoms that chose to visit doctors in a hospi-
tal.48 Some people with mild clinical symptoms and self-
treated cases might not seek medical help. This could
lead to an underestimation of the risk of dysentery due to
floods.
Conclusion
This study has, for the first time, quantified the effects of
floods on dysentery in a region including several cities.
Flooding can significantly increase the risk of dysentery in
the study areas. Moreover, results reveal that the risk of
floods could be different between different areas. Addi-
tionally, the risk for dysentery may be higher during and
after a sudden and severe flooding than a prolonged and
moderate flooding. Our findings have significant implica-
tions for developing strategies to prevent and reduce
health impact of floods.
Acknowledgments
This work was supported by the National Basic Research
Program of China (973 Program) (Grant No. 2012CB955502).
We thank Chinese Center for Disease Control and Preven-
tion, National Meteorological Information Center of China,
and Data center for Institute of Geographic Sciences and
Natural Resources Research of China sharing with us the
data needed for this study.
References
1. Wakuma AS, Mandere N, Ewald G. Floods and health in Gam-
bella region, Ethiopia: a qualitative assessment of the
strengths and weaknesses of coping mechanisms. Glob Health
Action 2009:2. http://dx.doi.org/10.3402/gha.v2i0.2019.
2. Zhang J, Zhou C, Xu K, Watanabe M. Flood disaster monitoring
and evaluation in China. Glob Environ Change Part B Environ
Hazards 2002;4(2):33e43.
3. Wang QY, Tong WW, Li SX, Fan XF, Liu XJ. Temporal and spatial
distribution characteristic of rainstrom and heavy rain in Kai-
feng nearly 50 years [in Chinese] Henan Sci 2010;28(10):
1322e6.
4. Chen SS, Cai JL. The causes and resources of floods in Kaifeng
[in Chinese] Henan Water Conserv 2002:5.
5. Peng JY, Sun Y, Zhang XJ, Zhao WH, Qin RH. Research and
application on water logging model of Zhengzhou city [in Chi-
nese] J Anhui Agri Sci 2010;38(11):5736e8.
438 W. Ni et al.6. Wen KG, Pang TH. The ceremony Chinese meteorological disas-
ters in Henan [in Chinese]. Chinese Meteorological Press; 2006.
7. Kong HJ, Wang X, Wang L, Lu XN. Characteristics classification
of water vapor transfer of persistent torrential rain in south-
central Henan Province [in Chinese] J China Hydrology 2012;
32(04):37e43.
8. WHO. Flooding and communicable diseases fact sheet: risk
assessment and preventive measures. Geneva: WHO; 2006.
Available from: http://www.who.int/hac/techguidance/ems/
flood_cds/en/index.html [accessed 02.04.13].
9. Schwartz BS, Harris JB, Khan AI, Larocque RC, Sack DA,
Malek MA, et al. Diarrheal epidemics in Dhaka, Bangladesh,
during three consecutive floods: 1988, 1998, and 2004. Am J
Trop Med Hyg 2006;74(6):1067e73.
10. Vollaard AM, Ali S, van Asten HA, Widjaja S, Visser LG,
Surjadi C, et al. Risk factors for typhoid and paratyphoid fever
in Jakarta, Indonesia. J Am Med Assoc 2004;291(21):2607e15.
11. Schnitzler J, Benzler J, Altmann D, Mucke I, Krause G. Survey
on the population’s needs and the public health response dur-
ing floods in Germany 2002. J Public Health Manag Pract 2007;
13(5):461e4.
12. Reacher M, McKenzie K, Lane C, Nichols T, Kedge I, Iversen A,
et al. Health impacts of flooding in Lewes: a comparison of re-
ported gastrointestinal and other illness and mental health in
flooded and non-flooded households. Commun Dis Public
Health 2004;7(1):39e46.
13. Data center for Public Health. National notifiable infectious
disease database [in Chinese]. Available from: http://www.
phsciencedata.cn/Share/ky_sjml.jsp [accessed 21.04.14].
14. Howard MJ, Brillman JC, Burkle FJ. Infectious disease emer-
gencies in disasters. Emerg Med Clin North Am 1996;14(2):
413e28.
15. Centers for Disease Control and Prevention (CDC). Health
assessment of the population affected by flood conditionse-
Khartoum, Sudan. MMWR Morb Mortal Wkly Rep 1989;
37(51e52):785e8.
16. Ohl CA, Tapsell S. Flooding and human health: the dangers
posed are not always obvious. BMJ 2000;321(7270):1167.
17. Milojevic A, Armstrong B, Hashizume M, McAllister K,
Faruque A, Yunus M, et al. Health effects of flooding in rural
Bangladesh. Epidemiology 2012;23(1):107e15.
18. Kondo H, Seo N, Yasuda T, Hasizume M, Koido Y, Ninomiya N,
et al. Post-floodeinfectious diseases in Mozambique. Prehosp
Disaster Med 2002;17(3):126e33.
19. He WG, Xie CL, Dong HX. Climate change and its regional
reason analysis of Kaifeng city in nearly 55 Years [in Chinese]
J Liaoning Tech Univ (Natural Science) 2009;28:175e7.
20. Wang ZM, Zhang J, Zhao HL, Yang HB. Selection of the interpo-
lations of rainfall for calculating the water logging disasters
caused by the urban storms [in Chinese] Yellow River 2012;
34(8):24e6.
21. Qi GA, Zhang YC, Xv Y. The analysis of municipal ground type in
Xinxiang and choosing of landscape plant kinds were studied
[in Chinese] J Henan Vocation-Technical Teach Coll 2004;2:
40e2.
22. State Bureau of Technical Supervision of China. Ministry of
Health of the People’s Republic of China. GB 16002e1995.
Diagnostic criteria and principles of management of bacillary
and amebic dysetnery [in Chinese]. Standards Press of China;
1995.
23. Ministry of Health of the People’s Republic of China. Emer-
gency events and regulation of the notifiable disease surveil-
lance system [in Chinese]; 2006. Available:, http://www.gov.
cn/zwgk/2006-09/08/content_382018.htm [accessed
06.01.13].
24. China Meteorological Administration. The Yearbook of meteo-
rological disasters in China [in Chinese]. China Meteorological
Press; 2000e2009.25. Neimann J, Engberg J, Molbak K, Wegener HC. A case-control
study of risk factors for sporadic campylobacter infections in
Denmark. Epidemiol Infect 2003;130(3):353e66.
26. Wood SN. Stable and efficient multiple smoothing parameter
estimation for generalized additive models. J Am Stat Assoc
2004;99:467.
27. Schwartz J. Air pollution and hospital admissions for the
elderly in Birmingham, Alabama. Am J Epidemiol 1994;
139(6):589e98.
28. Schwartz J. Assessing confounding, effect modification, and
thresholds in the association between ambient particles
and daily deaths. Environ Health Perspect 2000;108(6):
563e8.
29. Sarnat JA, Schwartz J, Suh HH. Fine particulate air pollution
and mortality in 20 U.S. cities. N Engl J Med 2001;344(16):
1253e4.
30. Ivers LC, Ryan ET. Infectious diseases of severe weather-
related and flood-related natural disasters. Curr Opin Infect
Dis 2006;19(5):408e14.
31. Onozuka D, Hashizume M, Hagihara A. Effects of weather vari-
ability on infectious gastroenteritis. Epidemiol Infect 2010;
138(2):236.
32. An QY, Wu J, Wang XL, Fan XS, Yao W. Association of climate
change and time distribution of intestinal infectious diseases
in Dalian, China [in Chinese] Chin Prev Med 2012;13(4):
288e91.
33. Chou WC, Wu JL, Wang YC, Huang H, Sung FC, Chuang CY.
Modeling the impact of climate variability on diarrhea-
associated diseases in Taiwan (1996e2007). Sci Total Environ
2010;409(1):43e51.
34. Zhang Y, Bi P, Hiller JE. Weather and the transmission of bacil-
lary dysentery in Jinan, northern China: a time-series analysis.
Public Health Rep 2008;123(1):61e6.
35. Greenough G, McGeehin M, Bernard SM, Trtanj J, Riad J,
Engelberg D. The potential impacts of climate variability and
change on health impacts of extreme weather events in the
United States. Environ Health Perspect 2001;109(Suppl. 2):
191e8.
36. McMichael AJ, Woodruff RE, Hales S. Climate change and hu-
man health: present and future risks. Lancet 2006;367(9513):
859e69.
37. Patz JA, Vavrus SJ, Uejio CK, McLellan SL. Climate change and
waterborne disease risk in the Great Lakes region of the U.S.
Am J Prev Med 2008;35(5):451e8.
38. Parry ML. Climate change 2007: impacts, adaptation and
vulnerability: Working Group II Contribution to the fourth
assessment report of the IPCC Intergovernmental Panel on
climate change. Cambridge University Press; 2007.
39. Cabral JP. Water microbiology. Bacterial pathogens and water.
Int J Environ Res Public Health 2010;7(10):3657e703.
40. Cann KF, Thomas DR, Salmon RL, Wyn-Jones AP, Kay D.
Extreme water-related weather events and waterborne dis-
ease. Epidemiol Infect 2013;141(4):671e86.
41. Marcheggiani S, Puccinelli C, Ciadamidaro S, Della Bella V,
Carere M, Francesca Blasi M, et al. Risks of water-borne disease
outbreaks after extreme events. Toxicol & Environ Chem 2010;
92(3):593e9.
42. Parker DJ, Thompson PM. Floods in Africa: vulnerability, im-
pacts and mitigation. In: Parker D, editor. Flood. Routledge;
2000. pp. 188e203.
43. Watson JT, Gayer M, Connolly MA. Epidemics after natural di-
sasters. Emerg Infect Dis 2007;13(1):1e5.
44. Wang ZH. Causes and countermeasures of storm flood in Kai-
feng city [in Chinese]. Henan water conservancy and the south
to north water diversion project, vol. 23; 2011. pp. 40e1.
45. Zhang JX. Based on the principal component analysis of the
comprehensive strength evaluation of each city in Henan Prov-
ince [in Chinese] Henan Sci 2009;27(1):115e8.
Floods and risk of dysentery 43946. Brown L, Murray V. Examining the relationship between infec-
tious diseases and flooding in Europe. Disaster Health 2013;2:
1e11.
47. Ru WP, Huang LL, Zhao JY, Xia SL. Analysis on the epidemic and
aetiological character of bacillary dysentery in Henan Provincefrom 2005 to 2009 [in Chinese] Mod Prev Med 2010;21:
4139e41.
48. Yan W, Xu Y, Yang X, Zhou Y. A hybrid model for short-term
bacillary dysentery prediction in Yichang city, China. Jpn J
Infect Dis 2010;63:264e70.
